An elastic-plastic thermal stress analysis is carried out on steel fiber reinforced aluminum metal-matrix composite arch under a temperature distribution of steady state case. The solution is performed for 0°, 30°, 45°, 60° and 90° orientation angles. The composite material is assumed to be strain hardening linearly.
INTRODUCTION
Composite materials have many advantages such as high strength-to-weight ratio, high stiffness-to-weight ratio and temperature performance. They have a great variety of use because of these advantages. On the other hand, various agents cause thermally-induced residual stresses in metal matrix composites, which should be taken into consideration, since they affect the structural element similar to externally applied stresses. Therefore, a thermal stress analysis becomes inevitable to predict the thermally induced residual stresses. Ponter and Leckie 151 studied the behavior of metal matrix composites subjected to cyclic thermal loading. In this study, a thermal elastic-plastic stress analysis is performed on steel fiber reinforced aluminum metalmatrix laminated composite arch under steady state temperature distribution. The arch is fixed at both ends.
The composite material is assumed to be strain hardening linearly. Elastic, elastic-plastic and residual stresses and the expansion of the plastic zone are investigated by using FEM. were employed for these tests.
PROPERTIES OF THE COMPOSITE

MATERIAL
Mechanical properties, yield points and plastic parameters of the composite material are given in Table   1 . X and Y are the yield points in the first and second principal material directions, respectively. S is the yield point for pure shear in the 1-2 plane. The yield point in the third direction Z, is assumed to be equal to Y.
Bilinear isotropic hardening model is assumed and the material behavior is described by a stress-strain curve starting at the origin with positive stress and strain values.
For a linear strain hardening material, the yield stress is given by the Ludwick equation as:
where σ 0 is equal to X which is the yield point in the first principal material direction, Κ and ε ρ are the Table 1 Mechanical properties and yield points of the material plasticity constant and equivalent plastic strain, respectively. The initial slope of the stress-strain curve is taken as the elastic modulus of the material. At the specified yield stress, the curve continues along the second slope defined by the tangent modulus. The plastic strain can be defined as:
Multiplying it by X gives the equivalent stress in the direction of fibers as
where ε τ and ε β are the total strain and elastic strain, respectively. One may write the stress-strain relation as
In the plastic region, the equations of equilibrium are written as
Thus, the tangent modulus is derived as 
FINITE ELEMENT MODELING OF THE ARCH
For a steady state case, temperature distribution in an arch can be written as:
where a and b are the inner and outer radii of the arch.
The temperature is T, at the inner side and zero at the outer side. One may find the residual stresses by 59
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Mehmet Qevik superposing a completely elastic stress system due to the temperature -T, on the elastic-plastic stress system T,. The load found during the plastic solution is applied in the opposite direction for the completely elastic solution. After this loading, when the temperature is released, the residual stress components are obtained.
VERIFICATION OF THE FEM SOLUTION
In Table 2 . The agreement between the two sets of results is well within the engineering accuracy, as can be seen.
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RESULTS AND DISCUSSION
In the present study, an elastic-plastic stress analysis is carried out on the aluminum metal matrix composite arch. The temperature T, at which plastic yielding starts at the inner side is given in Table 3 . As seen from the The temperature at the inner side is increased by 10 or 5°C increments after yielding has started. Elastic, elastic-plastic and residual stress components at the inner and outer sides of the arch for 0°, 30°, 45°, 60°, and 90° orientation angles are given in Table 4 . As seen from the table, the residual stress component at the inner side is always greater than that at the outer side. When the plastic stress values at the inner side are inspected, yielding is obviously noticed for 0 and 90° orientation angles.
The distribution of residual stress component of σ χ for 0° orientation angle is illustrated in Figure 3 . The Table 2 Comparison of elastic-plastic, elastic and residual stress components of σ χ in the straight beam (in MPa) 
Conclusions
Elastic-plastic thermal stress analysis of a composite arch has been carried out by using FEM. 
